The B oligomer of pertussis toxin was purified from culture supernatants of Bordetella pertussis strains which do not secrete the Si subunit. The purified B oligomer is devoid of toxicity for CHO cells and other in vivo properties of the toxin, such as leukocytosis and histamine sensitization, but it retains the abilities to agglutinate erythrocytes and to induce the proliferation of T lymphocytes. The B oligomer is also able to induce protective immunity in mice but is less potent than molecules containing the S1 subunit also.
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Pertussis toxin (PT) is a bacterial toxin composed of the A protomer and the B oligomer (19) . The B oligomer is composed of four noncovalently linked subunits, S2, S3, S4, and S5, present in a 1:1:2:1 ratio. The A protomer contains the enzymatically active S1 subunit. The Si subunit possesses ADP-ribosyltransferase activity and is responsible for the toxicity of PT, while the B oligomer binds to cellular receptors on eukaryotic cells and mediates the internalization of the toxic S1 subunit. We have previously described the construction of genetically engineered strains of Bordetella pertussis which produce mutated forms of PT containing two amino acid substitutions in the sequence of the S1 subunit (12) . These PT mutants have lost all the toxic properties typical of PT but are still capable of agglutinating chicken erythrocytes and inducing the proliferation of human T cells (9, 12) .
On the basis of these results, we previously suggested that hemagglutination and proliferation are properties of the B oligomer and are not affected by genetic manipulation of the Si subunit.
Studies based on the chemical modification of the PT subunits (2, 10) or on B oligomers purified from wild-type toxin (3, 5, 6, 18) have been performed to establish whether the activities of PT are due to the S1 subunit-mediated ADP-ribosylation of GTP-binding proteins or whether some of them are the results of the cell-binding property of the B oligomer. Moreover, antibodies elicited in mice with a B oligomer purified from wild-type PT (1, 3) could neutralize the toxin-induced clustering of Chinese hamster ovary (CHO) cells (4) . Such a B oligomer could also prevent the induction of leukocytosis in vivo in mice (1) and protect them against B. pertussis infection in a model of aerosol challenge (18) .
However, these studies were not conclusive, since the chemical treatment may not completely and irreversibly inactivate PT and the purified B oligomer may still contain as much as 1% active S1 subunit. Thus, to perform a definitive evaluation of the properties of the B oligomer, it has been necessary to develop a molecule completely devoid of the S1 subunit. We have constructed four strains of B. pertussis encoding the S1 subunit with single or multiple amino acid substitutions; these strains do not assemble the S1 subunit * Corresponding author.
into the holotoxin and secrete into the culture medium only the B oligomer (13) ( Table 1) .
The B oligomers produced by these strains were tested for their biological and immunological properties in various in vitro and in vivo experimental systems. These properties were compared with those of wild-type PT and with those of genetically inactivated double mutant PT-9K/129G, which is being used as a component of new acellular pertussis vaccines (9, 14) .
The results obtained showed that the B oligomers, like double mutant PT-9K/129G, did not possess any of the toxic properties of the enzymatically active S1 subunit of PT. In fact, the B oligomers secreted by the four engineered strains of B. pertussis did not show any detectable ADP-ribosyltransferase activity (11) and could not induce morphological changes in CHO cells (7) , even at a concentration of 5 p,g/ml (Table 1) . On the contrary, in the same assay 5 pg of wild-type PT per ml was sufficient to cause a visible clustering effect.
As expected, in a radioimmunoassay, the purified B oligomers were not recognized by monoclonal antibody 1B7, specific for the Sl subunit (16) . On the other hand, they were recognized at a lower affinity, as compared with both PT and double mutant PT-9K/129G, by a polyclonal antibody raised against the holotoxin (12) .
The only in vitro activities of PT which were entirely retained by the B oligomers were hemagglutination and mitogenicity for T cells (5, 6, 15, 20) . In fact, the B oligomers could agglutinate glutaraldehyde-fixed chicken erythrocytes (17) and induce the proliferation of human peripheral blood mononuclear cells at the same concentrations as those of wild-type PT and PT-9K/129G (Table 1) .
In vivo, all the B oligomers were unable to promote leukocytosis in mice (8) and to sensitize them to the histamine challenge (8) up to a dose of 50 ,ug per mouse, a dose which is 100 times higher than the lethal median dose of wild-type PT.
To investigate the immunogenicity of the B oligomers, we treated groups of six guinea pigs with two injections, 4 weeks apart, of 0.6, 3, or 15 ,ug of B oligomer, PT-13L/26I/129G, and genetically detoxified PT double mutant PT-9K/129G. A representative example is shown in Fig. 1 . Undiluted sera from animals bled 4 weeks after the first immunization with PT-13L/261/129G showed in an enzyme-linked immunosorbent assay (ELISA) (9) A405 values which were 9-to 22-fold higher than those prior to immunization. A further increase NOTES (>~g/ml) (>±g/ml) actl/mouse) (Rg/mouse) (p.gml) (10 ) 
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I All assays were performed as described previously (9); numerical values represent the lowest effective protein concentrations. ND, not determined.
in the ELISA values was observed in sera obtained 2 weeks after the booster injection. These ELISA values were comparable to those obtained after immunization with PT-9K/ 129G. Nevertheless, the increase in antibody titers did not correlate with neutralizing activity in the CHO cell assay (4). In fact, the sera resulting from a single injection of 0.6, 3, or 15 ,ug of PT-13L/261/129G did not neutralize the clustering effect of wild-type PT in CHO cells. In marked contrast, antibodies obtained from animals given equivalent doses of double mutant PT-9K/129G were able to neutralize toxin activity at a dilution of 1/20, 1/20, or 1/80, respectively. Good neutralizing activity was observed with a second immunization with the B oligomer, but this activity was still lower than that induced by PT-9K/129G (Fig. 1) . PT-13L/261/129G was able to protect mice, in a dosedependent fashion, against intracerebral challenge with virulent B. pertussis (12) , an assay whose results correlate with the protective activity of the cellular vaccine. However, B oligomer PT-13L/26I/129G was less potent than double mutant PT-9K/129G, containing the Si subunit also (Table 2 ).
In conclusion, the development of pertussis strains which secrete only the B oligomer of PT has provided us with unique reagents which allow definitive determination of the properties of PT. We have confirmed that the toxicity of PT is entirely dependent on the enzymatically active S1 subunit and have provided conclusive evidence that the abilities of PT to agglutinate erythrocytes and to induce the proliferation of T lymphocytes belong to the B oligomer alone and are, consequently, independent of the enzymatic mechanism of PT. 4 . 
